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(54) METHOD FOR JOINING OPTICAL COMPONENT 

(57)Abstract. , 

PROBLEM TO BE SOLVED: To simply adjust an optical axis with high 
precision and to prevent the occurrence of optical axis shift with the 
lapse of time by forming transparent resin for light guiding between 
optical component in a shape which is close to the diameter of an optical 
fiber or light receiving and emitting element 

SOLUTION: A liquid photosetting transparent resin 3 in unset state is 
dripped on the opening part end surfaces of a quartz optical fiber 1 and 
the light receiving and emitting element 2 to form hemispherical beads of 
the transparent resin. The light receiving and emitting element 2 is 
mounted on a silicon substrate 4 by using an adhesive 5. The quartz 
optical fiber 1 is mounted in a V groove which is formed in the silicon 
substrate 4 by chemical etching. This quartz optical fiber 1 after being 
moved toward the light receiving and emitting element and pressed 
through the transparency resin is put back to its original position to 
spread the transparency resin 3. The spread unset transparent resin 3 is 
set by being irradiated with ultraviolet rays, etc., to form a transparent 
light guide between the light receiving and emission part and quartz 
optical fiber 1. 
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* NOTICES* 1 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which makes the transparence resin constituent in the condition of not hardening 
adhere to either [ at least ] the end face of an optical fiber, or opening of a **** light emitting device, 
The process arranged so that outline coincidence of the optical axis of said optical fiber and **** light 
emitting device may be carried out, The process which sticks said optical fiber and **** light emitting 
device by pressure through the transparence resin constituent in said condition of not hardening, The 
junction approach of the optical components characterized by including the process which pulls back 
said optical fiber and **** light emitting device, and extends the transparence resin constituent in said 
condition of not hardening, and the process which stiffens the this extended transparence resin 
constituent. 

[Claim 2] The junction approach of the optical components characterized by said transparence resin 
constituent being a photo-setting resin constituent in the junction approach of an optical component 
according to claim 1. 

[Claim 3] The junction approach of the optical components characterized by said transparence resin 
constituent being a thermosetting resin constituent in the junction approach of an optical component 
according to claim 1. 

[Claim 4] The junction approach of the optical components characterized by said transparence resin 
constituent being a thermoplastics constituent in the junction approach of an optical component 
according to claim 1. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical components junction approach which is 
highly precise and moreover makes connection between optical components simple in an optical 
transceiver module. 
[0002] 
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[Description of the Prior Art] Optic fiber communication is in the motion which application expands 
quickly to a subscriber system from a trunk system, and, as for the optical transceiver module used 
there, small, a thin shape, and low cost-ization are called for. It is dramatically difficult to perform 
optical-axis adjustment with an optical fiber and a **** light emitting device with high degree of 
accuracy in an optical module, since the core diameter of an optical fiber is very as thin as several 
micrometers. Light is performed on optical components, it tunes finely to a horizontal and a 
perpendicular direction by handicraft with through, and the actual condition is mainly looking for the 
location where the maximum effectiveness of optical connection is acquired. Therefore, a manufacturing 
cost will become very high and it is necessary to perform optical-axis adjustment between optical 
components in a simple list by low cost. 

[0003] There is a method of mounting a light corpuscle child in a position by the reflow by the golden- 
tin solder bump currently indicated by JP,7-58149,A as an approach of performing optical-axis 
adjustment between optical components simply, using the surface tension of gold and tin solder. 
Moreover, after making the resin of a photoresist JP,60-1 73508,A intervene among optical components, 
such as an optical fiber and optical waveguide, the method of considering as the waveguide for 
association and making connection between optical components by package is indicated by hardening 
resin with the light which passed the optical fiber, and raising a refractive index. 
[0004] 

[Problem(s) to be Solved by the Invention] Said conventional technique has a problem in respect of 
versatility, although simplified compared with manual optical-axis adjustment. With a golden-tin solder 
bump connection method, in order to prevent the variation in location precision in optical-axis doubling, 
it is necessary to arrange the diameter of a solder bump with homogeneity in the precision of less than 
about 1 micrometer. Moreover, alignment of the optical components, such as an optical fiber, must be 
beforehand carried out in a high precision before mounting by the solder bump, and it must fix. It is 
accompanied by installation of a fixture for that or a substrate and the complicated activity for 
alignment. By the approach by the resin of a photoresist, a **** exposure part turns into a part for the 
non-hard spot of resin, and liquefied or in order to remain in the state of a half-solid, it is inferior to 
handling nature. Moreover, since a polymerization advances with time [ a **** exposure part ] while in 
use, change of an optical property, like the refractive-index difference of an optical waveguide part and 
other parts becomes small is seen. Furthermore, hardening contraction of resin causes the problem of 
an optical-axis gap with time. It is in offering the optical components junction approach of excelling in 
the dependability which does not cause the problem of an optical-axis gap with time while in use while 
the object of this invention is highly precise, and it moreover simplifies and it performs optical-axis 
adjustment between optical components in an optical transceiver module. 
[0005] 

[Means for Solving the Problem] The process at which the junction approach of the optical components 
of this invention makes the transparence resin constituent in the condition of not hardening adhere to 
either [ at least ] the end face of an optical fiber, or opening of a **** light emitting device, The process 
arranged so that outline coincidence of the optical axis of said optical fiber and **** light emitting 
device may be carried out, The process which pulls back the process which sticks said optical fiber and 
**** light emitting device by pressure through the transparence resin constituent in said condition of 
not hardening, and said optical fiber and **** light emitting device, and extends the transparence resin 
constituent in said condition of not hardening, and the process which stiffens the this extended 
transparence resin constituent are included. 

[0006] Said transparence resin constituent is a photo-setting resin constituent, and this invention is the 
junction approach of optical components of stiffening this resin constituent by the exposure of light 
[0007] Said transparence resin constituent is a thermosetting resin constituent, and this invention is the 
junction approach of optical components of stiffening this resin constituent with heating. 
[0008] Said transparence resin constituent is a thermoplastics constituent, and this invention is the 
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jiwiction.^pproach of the optical components which made this thermoplastics constituent the condition 
of not hardening, by dissolving in heating or a solvent. 

[0009] In the junction approach of the optical components of this invention, even when the transparence 
resin constituent in the condition of not hardening adhering to either [ at least ] the end face of an 
optical fiber or opening of a **** light emitting device is liquid drop-like also at the shape of a film, it is 
good. 

[0010] In the optical components junction approach of this invention, it is highly precise, and because it 
is not necessary to set the location precision at the time of optical components immobilization as less 
than 1 micrometer, it can carry out by moreover simplify the optical-axis adjustment between optical 
components by form the transparence resin or the film for light guides among optical components in the 
configuration near the diameter of an optical fiber, or the path of a **** light emitting device. If outline 
immobilization of the optical components is carried out in the precision of about several micrometers, 
optical-axis doubling between optical components can be performed using the transparence resin or the 
film for light guides. Since the transparence resin or the film for light guides in this invention consists of 
homogeneous presentations which consist of a perfect polymer after junction on optical components, its 
optical property is uniform, and is [ no aging in use ] and is stable. 
[0011] 

[Embodiment of the Invention] This invention is explained with reference to a drawing. 
[0012] (Example 1) Drawing 1 is drawing showing the optical components junction approach by this 
example. The condition of not hardening is liquefied to each opening end face of silica optical fiber 1 and 
the **** light emitting device 2, the transparence resin 3 of a photoresist is dropped at it, and the ball 
of the transparence resin 3 of a semicircle configuration is formed in it ( drawing 1 (a)). Un-hardening is 
liquefied and the resin constituent which added the benzyl dimethyl ketal 3 weight section as a 
photopolymerization initiator to the constituent 100 weight section of tetraethylene glycol diacrylate and 
ethyl acrylate as transparence resin 3 of a photoresist is used. Next, the **** light emitting device 2 is 
carried in a silicon substrate 4 using adhesives 5. After silica optical fiber 1 prepares a V groove in a 
silicon substrate 4 by chemical etching, it is carried in V Mizogami ( drawing 1 (b)). At this time, the **** 
light emitting device 2 and silica optical fiber 1 are arranged so that the amount of imperfect alignments 
of a **** light-emitting part and an optical fiber medial axis may carry out outline coincidence by about 
several micrometers, respectively. Moreover, distance of a carrier light-emitting part and a silica- 
optical-fiber edge is made into about 10mm of maximums. If it exceeds 10mm, the fracture of resin 
occurs aind is not desirable at the time of sticking by pressure of the transparence resin 3 of the 
following liquefied photoresist, and an enlargement process. As the minimum distance, silica optical fiber 
1 and said resin ball formed in each end face of the **** light emitting device 2 should just be extent 
which does not contact each other. After moving this silica optical fiber 1 to the direction of a **** light 
emitting device and being stuck by pressure through said transparence resin, it returns to the origin of 
silica optical fiber to a location, and transparence resin 3 is extended ( drawing 1 (c), (d)). Said 
transparence resin 3 in the extended condition of not hardening is hardened by the optical exposure of 
ultraviolet rays etc., and forms transparent optical waveguide a **** light-emitting part, silica optical 
fiber 1, and in between ( drawing 1 (e)). Here, if it is made to carry out, extending said transparence 
resin 3 in the condition of not hardening, since the sag by the self-weight of resin will be prevented and 
straight-line-like optical waveguide will be obtained mostly, the optical exposure of ultraviolet rays etc. 
is especially suitable. Silica optical fiber 1 is fixed to V Mizogami of a silicon substrate 4 using the 
adhesives 6 of a photoresist ( drawing 1 (f)). After immobilization in V Mizogami of the silicon substrate 
4 of silica optical fiber makes the adhesives 6 of a photoresist V Mizogami with ** at the time of the 
process of drawing 1 (b), it can carry silica optical fiber 1 and the optical exposure at the time of the 
drawing 1 (e) process can also perform it by package. If required, as shown in drawing 1 (g), transparent 
optical waveguide can be stiffened with light or heat using the transparence resin 7 of a refractive index 
lower than this optical waveguide, and it can fix. At this time, the transparence resin 7 of a low 
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refractive index also carries out mechanical reinforcing materials's duty only as a clad plate of an optical 
waveguide part 

[0013] (Example 2) The resin ball of the semicircle configuration by thermoplastic transparence resin 3 
is formed in each opening end face of silica optical fiber 1 and the **** light emitting device 2 like an 
example 1. A nonvolatile matter 80wt% tetrahydro furan solution is dropped at each end face of silica 
optical fiber 1 and the **** light emitting device 2, using the copolymer of polymethylmethacrylate and 
butyl acrylate as thermoplastics. After leaving it at a room temperature for 4 hours and vaporizing 
almost all solvents, 80 degrees C is heated for 30 minutes, and the resin ball shown in drawing 1 (a) is 
formed. As shown in drawing 1 (b), after carrying silica optical fiber 1 and the **** light emitting device 
2 in a silicon substrate 4, it is stuck by pressure, performing partial heating of infrared heating etc. at 
about 150 degrees C, and, subsequently enlargement of transparence resin is performed ( drawing 1 (c), 
(d)). As shown in drawing 1 (f), silica optical fiber 1 is fixed to V Mizogami of a silicon substrate 4 using 
the adhesives 6 of a photoresist. If required, the formed optical waveguide can be stiffened with light or 
heat like drawing 1 (g) using the transparence resin 7 of a refractive index lower than it, and it can fix. It 
is more desirable to use the resin of a photoresist as an object for adhesion immobilization, since 
thermoplastics is used as optical waveguide transparent in this example. 

[0014] (Example 3) In this example, how to form the ball of the transparence resin 3 of a semicircle 
configuration in **** light-emitting part 9 end face of the **** light emitting device 2 is shown in 
drawing 2 . As shown in drawing 2 (a), after making photoresist material with ** the opening end face of 
the **** light-emitting part 9 and irradiating ultraviolet rays through a photo mask at photoresist 
material, the dam 8 for carrying out etching clearance of the photoresist material of an unexposed part 
with a solvent, and forming the ball of liquefied transparence resin 3 is formed. Next, liquefied heat or a 
liquefied photo-setting resin is dropped in the dam 8 of **** light-emitting part 9 end face using a 
dispenser 10, and the ball of the transparence resin 3 of a semicircle configuration is formed ( drawing 2 
(b)). At this time, the thermoplastics dissolved in the solvent instead of liquefied heat or a photo-setting 
resin can also be used. 

[0015] (Example 4) Drawing 3 is drawing showing how to form the transparence resin ball of a semicircle 
configuration in the carrier light-emitting part end face of a **** light emitting device in this example. 
As shown in drawing 3 (a), the end face of the **** light-emitting part 9 of the **** light emitting 
device 2 is etched into a concave by fluoric acid (HF). At this time, solder resist is used as a mask for 
etching. Then, a dispenser is used for the crevice of the end face of this **** light-emitting part 9, 
liquefied heat or a liquefied photo-setting resin is dropped at it, and the ball of the transparence resin 3 
of a semicircle configuration is formed in rt In addition, the thermoplastics dissolved in the solvent like 
the example 3 may be dropped. 

[0016] (Example 5) In this example, how to form a bright film in the end face of the **** light-emitting 
part 9 of the **** light emitting device 2 is shown in drawing 4 . As shown in drawing 4 (a), after 
laminating the photoresist film 1 1 of a transparent positive type in the end face of the **** light 
emitting device 2, ultraviolet rays are irradiated at the photoresist film 1 1 through the glass photo mask 
which carried out the chrome plating of except for opening of the **** light-emitting part 9. Next, 
etching clearance of the unexposed part of a resist film is carried out with a solvent, and a bright film is 
formed in opening of the end face of the **** light-emitting part 9 of the **** light emitting device 2 
( drawing 4 (b)). It is also possible to use a negative-mold photoresist instead of the positive type 
photoresist of this example, and to form a bright film in the end face of the **** light-emitting part 9 of 
the **** light emitting device 2. 

[0017] (Example 6) How to form the transparence resin ball of a semicircle configuration in the end face 
of silica optical fiber 1 of this example is shown in drawing 5 . As shown in (a) of drawing 5 , a dispenser 
10 is used for the end face of silica optical fiber 1, and liquefied heat or the transparence potting resin 
14 of a photoresist is dropped. The ball of the transparence resin 3 of a semicircle configuration forms 
the dropped liquefied transparence resin with surface tension. ( Drawing 5 (b)) . In this example, the 
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thermoplastics dissolved in the solvent instead of liquefied heat or a photo-setting resin can also be 
used. 

[0018] (Example 7) How to form the ball of the transparence resin 3 of a semicircle configuration in the 
end face of silica optical fiber 1 of this example is shown in drawing 6 . As shown in drawing 6 (a); the 
end face of silica optical fiber 1 is contacted to the liquefied transparence resin 15 hardened with heat 
or light. It is made not to put the end face of silica optical fiber 1 into liquefied transparence resin 15 in 
inside at this time. Next, by pulling up said optical fiber, the ball of the liquefied transparence resin 3 of a 
semicircle configuration is formed in the end face of silica optical fiber 1 ( drawing 6 (b)). Here, the 
thermoplastics dissolved in the solvent like the example 6 can be used. 

[0019] (Example 8) How to form the ball of the transparence resin 3 of a semicircle configuration in the 
end face of an optical fiber of this example is shown in drawing 7 . As shown in drawing 7 (a) t the end 
face of the optical waveguide section 16 of silica optical fiber 1 is etched into a concave using fluoric 
acid (HF). Rinsing and after carrying out stoving, a dispenser is used for the crevice of this optical fiber 
end face for an optical fiber end face, liquefied heat or a liquefied photo-setting resin is dropped, and 
the ball of the transparence resin 3 of a semicircle configuration is formed ( drawing 7 (b)). Here, the 
thermoplastics dissolved in the solvent like the example 6 can be used. 

[0020] (Example 9) The optical components junction approach by this example is shown in drawing 8 . 
Plastics optical waveguide with a die length of 1mm is pasted up on the end face of silica optical fiber 1 
( drawing 8 (a)). Hot-rolling growth is carried but and plastics optical waveguide produces the optical 
fiber with which the high refractive-index core section 17 consists of polymethylmethacrylate, and the 
low refractive-index clad section 18 consists of fluorination polymethylmethacrylate until it becomes the 
outer diameter of 10-20 micrometers. After making the silicone resin, acrylic resin, or polyurethane resin 
adhesives of a photoresist into one of each end faces, or both for said plastics optical waveguide and 
silica optical fiber 1 with **, it pastes up by carrying out UV irradiation, with each end face compared. 
After injecting into the comparison part of plastics optical waveguide and silica optical fiber the solvent 
which dissolves plastics optical waveguide, for example, a methylene chloride etc., at this time, both can 
also be pasted up by drying. 

[0021] Next, the liquefied photoresist transparence resin in the condition of not hardening is dropped at 
the opening end face of the **** light emitting device 2, and the ball of the transparence resin 3 of a 
semicircle configuration is formed ( drawing 8 (b)). It is 2-hydroxy-2-methyl as a photopolymerization 
initiator to the urethane acrylate resin constituent 100 weight section to which the urethane resin which 
consists of isocyanate and a polyether glycol, and hydroxyl ethyl acrylate were made to react as non- 
hardened liquefied photoresist transparence resin. - The resin constituent which added the 1-phenyl- 
propane-1-ON 3 weight section is used. Then, the **** light emitting device 2 is carried in a silicon 
substrate 4 using adhesives 5. After silica optical fiber 1 prepares a V groove in a silicon substrate 4 by 
chemical etching beforehand, it is carried in V Mizogami ( drawing 8 (c)). At this time, the **** light 
emitting device 2 and silica optical fiber 1 are arranged so that the amount of imperfect alignments of a 
**** light-emitting part and an optical fiber medial axis may carry out outline coincidence by about 
several micrometers, respectively. Moreover, the distance of a **** light-emitting part and silica optical 
fiber is 0.5mm. It considers as extent. After moving this silica optical fiber to the direction of a carrier 
light emitting device and being stuck by pressure through transparence resin 3, silica optical fiber is 
returned to the original location, and transparence resin 3 is extended ( drawing 8 (d), (e)). The liquefied 
photoresist transparence resin in the extended condition of not hardening is stiffened by the exposure 
of light, such as ultraviolet rays, and the plastics optical waveguide linked to a **** light-emitting part 
and silica optical fiber is pasted up. ( Drawing 8 (f)) . Silica optical fiber is fixed to V Mizogami of a silicon 
substrate using the adhesives of a photoresist ( drawing 8 (g)). After immobilization in silicon substrate 
V Mizogami of silica optical fiber makes the adhesives 6 of a photoresist V Mizogami with ** at the time 
of the process of drawing 8 (c), it can carry silica optical fiber and the optical exposure at the time of 
the process of drawing 8 (f) can also perform it by package. If required, as shown in drawing 8 (h), from 



-6- 



said transparence resin 3. using the transparence resin 7 of a low refractive index ,t can be made to be 
able to harden with light or heat, and can fix. At this time, the transparence ream 7 « a low re 1ft ctive 
index is not only used as a clad plate of an optical waveguide part, but carnea out the duty of 

» f T« function approach of the optica, components by this example is shown in 
S 10 This example is the approach of carrying a ferrule in V Mizogami of a silicon 
performingjunction of an optical fiber and a «** light emitting deyice. after inserting a liea opt cal fiber 
i tZZ or the glass ferrule 20. After inserting in the ferrule 20 made from a zirconia th. s,.,ca 
optical fiber 1 cut in die length of 30mm and fixing using the adheaiyea of a photoresist the 
thermosetting liquefied transparence reain 3 in the condition of not ^'^^^ 
opening end face of this optical fiber and the **** light em.tt.ng device 2. and the ream ball of a 
semicircle configuration is formed ( drawing 9 (a)). As non-hardened liquefied thermosetting 
transparence resin, the transparence silicon resin of 2 acidity or alkalinfty which can be harden^ a, a 
room temperature is used. Next, the **** light emitting deyice 2 is earned ,n a eilieon 
adheaives 5 After silica optical fiber 1 prepares a V groove in a ai.icon substrate 4 by chemical etching. 
„ la carri. I in V Mizogami ( drawing 9 (b)). At this time, the **» light emrtting dev.ee 2 and silica optieal 
fiber 1 Tre arranged ao thatlhTamo^nt of imperfect alignments of a **** '^^J^T. 
optica, fiber medial axis may cany out outline coincidence by about eeveral r^T^J^* 1 - 
Moreover, distance of a **** light-emitting part and silica opbeal fiber ,s set to ^about 
moving the ferrule 20 which inserted thia silica optical fiber 1 to the direct™ of a earner light emitting 
Zee and being stuck by pressure through transparence resin 3. it returns to a location based on a 
ferrule and transparence resin 3 ia extended ( drawing 1 (c). <d». After leavmg the liquefied 
^elosetting transparence reain in the extended condition of not hardening, at a room temperature for 
£ZH heat-hardens on 60-degree-C conditions of 1 hour, and it forma opttoa, waveguide between 
a «« light-emitting part and silica optical fiber 1 ( drawing! <e». Here, after leaving said srfmone 
tranaparenc. resin in the condition of not hardening, at a room temperature for about several hou« and 
raising the viscosfty of resin, by performing sticking by pressure and an enlargement O^ZT 
the self-weight of reain can be prevented and atraight-line-like optical waveguide can be obtained 
mostly A ferrule 20 ia fixed to V Mizogami of a silicon substrate 4 using the adhesives 5 of a 
phXelt ( drawing (f». If required, aa shown in drawin g 9 (g). transparent optical -vegui^an be 
efiffened withlgT^Theat using the tranapar.ne. resin 7 of a refractive index lower than it and it can 
fix At this time, the transparence reain 7 of a low refractive index is not only used as a clad plate of an 
optical waveguide part, but carries out the duty of mechanical reinforcement 
r0023] 

[Effect of the Invention] According to this invention, it is highly precise, moreover junction between 
optica, components can be performed to simplification, and the opt.ca. mo dule of low cost „ obtamed. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the optical components junction approach by the example of this 
invention. 

[Drawing 2] It is drawing showing how to form the transparence resin ball of a semicircle configuration in 
the carrier light-emitting part end face of the **** light emitting device by the example of this invention. 
[Drawing 3] It is drawing showing how to form the transparence resin ball of a semicircle configuration in 
the carrier light-emitting part end face of the **** light emitting device by the example of this invention. 
[Drawing 4] It is drawing showing how to form a bright film in the carrier light-emitting part end face of 
the **** light emitting device by the example of this invention; 

[Drawing 5] It is drawing showing how to form the transparence resin ball of a semicircle configuration in 
the end face of the optical fiber by the example of this invention. 

[Drawing 6] It is drawing showing how to form the transparence resin ball of a semicircle configuration in 
the end face of the optical fiber by the example of this invention. 

[Drawing 7] It is drawing showing how to form the transparence resin ball of a semicircle configuration in 
the end face of the optical fiber by the example of this invention. 

[Drawing 8] It is drawing showing the optical components junction approach by the example of this 
invention. 

[Drawing 9] It is drawing showing the optical components junction approach by the example of this 
invention. 

[Description of Notations] 

-I — s j|j ca optical fiber and 2 — **** light emitting device, 3 — transparence resin, 4 — silicon 
substrate, 5, and 6 — adhesives, 7 — transparence resin, 8 — dam, and 9 — a **** light-emitting part, 
10 _ dispenser, 11 — photoresist, and 12 — a mask, 13 — bright film, 14 — transparence potting resin, 
and 15 — liquefied transparence resin, 16 — optical waveguide section, the 17 — high refractive-index 
core section, and 18 — the low refractive-index clad section, 19 — plastics optical waveguide and 20 - 
- ferrule 

[Translation done] 
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,o [0007] *|gPJ(4> WIEa?«»tJ!tifi^* ? ^^ 

mm&f&yox'h 9 , jnuRt iotssfiBfi^feiffifts 

[0008] #3PJI4. tWEaWWiBIUiMfc^^^tt 
[0009] *55W03t<Bfi©»fr*lfe»-*5'' x "C» * 7 

[0 0 10] *^0^Oft$Bp p p^7??feli*3V^T, ftgBp°p 
"Ct 5 ©I*. ft95p p nP B ^t-*?tffl©aP^«tJii4 7tl47 ^ 
M&Li-Z w t K X 9 » ftgRppS^^^fitfiffiS^ 1 m m 

fIS ©fig -cmas n jfei-tttf . ft $15 apfl © fttt-& fc* * 
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3 

[0 0 1 1 1 

[«£©£&©?£»] *%P^|Co^Tll!ffi5r#fi?.LT:ift 

[0012] (HJtsflTi ) si i n^msw- x z>ytn& 

Sfc^- 2 ©£•* ON Ptt»ffifc*Wfc#tt©iK*'C3MHfc 
ft«aW«WB.3ftPTL-C, ¥R«MK©a0H»JIB3©3& 
(Ell (a) ) . 5MMk«)**-e3fc«flsttO 

yu-ht if;v7 ? y h ©iHUsfrfei 10 0 JHkgClc 

*2*r8MMi]5*av*-c, vy 3yS«4l:«it5. 
v**a»7-fc«. vss_bicj£«-t-s (Ell (b) ) o r 

©a*, ****** 2 i 53s* 7 r -r '< i i**ivefca 

***gBi *7 7 4 ^^©ttrffrvfia 5 ^ mSSt 

«ns-&-r-5J:p»ciae^5o ***»i:5£* 

7r4'<l&b<nW.f&tifki<:V8il 0tmM§tb1rZ o l 0mm 
SrSxSh *©«**8Mbtt©a9i*Hfi 3 ©ffi», 91 

/M>Ef|& UTtt» 5«7 7-f^l i: ****** 2 
©** ©aSffiKM/fc UfcirlE»JIBS!^*JEt McSEftfc 
V««-C*>m*J:v\ I053?3t77^^1 £**** 

^3t7 7 ^©5utttI4l?t if L, SW«tlM3Sr§l 
##tf-f- (Ell (c) , (d) ) . ^l^.ttfiLfc*^ 
#f!g©B«ifSa9§#MB 3 if ©*H8*tK J: 9 «Hfc 

IT, *S^3tSi:55J3t7 7'f^l iHfcaWfc** 
(Ell (e) ) . ***Meif© 
*HMttt5fe«Mk*»©WIBaW«MB 3 fcSltftfiL-fctf 
^tr5 J:5Kt*itf. *HB© eat* 5 fc 

5>ft*fc©» Wi»at?*>5. 
^3S*7rW/<lfi*«<btt©«*»J6Srfflv^T->y = 

vws4©v»±icBje-*-a (0i (f) ) . «**7 

r-f/<©->y =■ ^St54©V*g-t~- ©S^li, Ell 

( b ) OXfUtfc V*±£*BMfcttOlft*ffl 6 Sr^tt L 
fctg. 53S*7y(V<l Sr^«UT, Ell (e) IffBf 
©*RM*«cJ:»)-e-t?fr5wi:fC#5. tUMtfc 
ntf, Ell (g) toiH-J: 5IC a*§fc**«B4:a* 

^«tss«t o ki&i>*mvim<oiSmmwB7*m^x. **^ 
s$r*©aw«jiB 7 (4**«?ss6^©^ 5?K*tiLt 

[0013] (SK«2) SttSWl £ra«fcLT53S* 
i:3£****^ 2©&*©BBn£8iSE«-lfc 1i I 
ffltt©afflJ*M§ 3 ic J: 5*R^©*WfllHSr^PKi"5. 



(0tF7^ KD77V^«r^)t77^^1i:)t§: 

a*a*2©**©ttiBK:*T-*-4. a*a-e4B$ra»s 

LT«i:^i?©*tt**«3*fc», 8 0^3 0^AP^ 
U Ell (a) K*iilfJiB54r»*i-*. 515*7 r^f 
/<l £****** 2 £ Ell (b) ic^i-J;5^->y a 
^S«4lc*SigL^m. **J1 5 0*C-C**l-IWlPlR*if© 
;gmAQi&&fr W<f A 5 «bffi3&U ftt^-eaW»W©3l## 
tfLfctr? (Ell (c), (d) ) . Eli (f) \z^-tx 
io 5lC % *S!>(ttt©S»^J6=SrfflV^-C5^*77-l'/^l 
->y =>^StS4©V»±^@)t-r5c U&K-C*>*t 

eii (g) tmmK. M&^tcytm.tiL&zztiX'!) 

[0 0 14] (HJ£0iJ3) *3B»«fc*SV^T, **** 
*^P 2 ©****& 9 ttSfc¥Ra:R©3&ajni 3 ©5 
Sr^i-5^?Sfe : SrEl2lc^i- 0 El 2. (a) 5 
20 \z y ****«69©BBaffl4»DB»-7* h K-tSr^ 
ft.L, 7* h^**fcaLT#***«::7;*- hus?* h*f 
fc!»*tUfc«. *S*S5^©7d- h U-v 5 * hWSrJ^WT 
^ y 5 1 V^Mt* L-C»eR©aW»JB 3 ©5&?fiMJH-3fc 
8 =Sr^-T5. Wcx-f^'O'lM OSr/B^T 
«*©»* fcf±**-(ktt«riB*r*a»*«B 9 ffiffi©^^ 
8. rtlcJST Lt ^B3»«©aW«rffi 3 ©3ESr7f*jfc1-5 
(El 2 (b) ) . ^©Bt, ?S^(D|?ftSfctt*ei>(b+t«tlB 

©n*? i-^i ic^» £ *fcjm^ratt»ttB t^v^ii 

t>T#5, .. 

so [0015] (mmm 4 ) m 3 «**a«ic*iv ^-c» * 

**** : f-©***g5ffiffil- i ) £ R?f^©a0J»flB5=lr» 
^i-S^&Sr^-fEl^fc?). El 3 (a) tc^-f-J: 
*****^2©****$B9©ffiffi*7 ygf (HF) 

t LXy/wyu^^ hSrffl^-5„ ^©«, C©**** 
95 9 ©^S©|H]g8»Cx ^ ^.'<>'H/-5rffl^T?S^©il»i^fc 
tt*BHbtt*MB«r*T U-C^na*t©a»W«MB 3 ©i* 

<c*saa«3 tw}m^mm\cmM£-£tcf&°i 

40 [0016] (a*«5> *a*0Hfc:*s^-c, 
2 ©****sb 9 <Di&m\zmm 7 ^ ^ a 

^fe?rE]4tc^-r, El 4 (a) \z^-T£oiz^ mwtttf 

i?$)<D7* b U-v 7 ^. \-7 4>Vb, 1 1 &7fe*3gft5li^2© 
iSffilc^ 5*- h Lfc^, *3fc«*tt9©MPttEA*«r 
^ p AJ6o^ Lfc^7^Si7^- S-iiLT^^ 

Y7 4 ^-&©*a*tt»Sr*JWfc«t 9 ^ 

l, *3t«*«*2©*sa*»9©*sffi©an»ica 
W7-r^i»t»«t5 (E14 (b) ) . **aa©. * 

so h l-^ h©f't*P«JtC^.77§y>'^- h U-^^ h£ 
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(4) 



[0017] mmme) *m%-7r4* 

tC^i-„ 05© (a) KiStiit. 5»*77^^1 
3 ® 5 (b) > • **««' ett ' * 

8* PTMttttJB t> ffl v ^ r fc a* -c # £ „ 

[ooi8] mmm i ) r -f /< 

06 (a) li7f:i-J:5^, ^ 77 ^^ 

i <D&mzmiztcteftx-&fcirzmWi<» : &*mf!z 1 5 ic 

a5fc*n»«©««©aW«HB3©S«:^i-S (H6 

( b ) ) , zz-eanmme kmmK-®w\-®MZtt * 

[0 0 19] (**«8) *Hlfe0J©. *7T-f<©* 
Sl^nWCliWJI 3 ©5£ffW57f8:&0 7 tc 
*i\ 87 (a) J:5fc, » 7 ^<1^ 

i»tt!S«16 0*iB«:7y* (HF) fcJBVvCIHMKK:* 

ft &ft7 7^*ffiB^^^*^^* ffi,,vi:?i£ 
BI3©Sfe»l*i-» XH-7 (b) ) . :::n»»i**«e 

[ 0 0 2 0 ] (HK60J 9 ) »= * * ****** 

:/?*^s/ (08 (a) ). 7*7 
? ? y h t *»5>4 9 . teStf** 5 y Ktt 1 8 4*7 
^aiO~2 0Mmfc«i**-C«««iU-Cfls|ir5. W 

* v»tJIB«»»«:** ©*ffi^ if *> b fcl±m*K» 

^ y 'J X&ttK h*Wf? 7 4 /< t 
£A L fc*. lUM"* =• t tc J: 9 W*0*»«r1r 5 w t 

[0 0 2 1] ftli, 2 cD«mtt*Sifc*« 
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httlRSUftft 1 o 0 a'ftttfc. %S-ftH«M t LT 2 - 
t Kd^>-2-^^- i-^i^/V-T'P^V-l 

5^3t7 7^^1tt^«>->'i , = I >'*^ 4,;i ' ,k 

^ny^-i/^-eviHtrWtfc** v»±^«MRi-s (0 

8 (c) ) o 3tS»**^2i^*7r>f^ 

1 ti^tv^^s^^t^^T-r^ 1 ! 3 '^**©^^* 

&&%Mk&3&iyT<<'<t<DE*tt0. 5 mm S«fc"f 

3 0 r©^£ft7 7W , ^££38#*^*~^ s! >^ TS 
W»IB3«r^U-Cffi«Lfca. 5»77^<!r^ 

(e) ) . 9l*#tfLfeWflsR»©1«WWfls«a'' 

o (B8 (DJ.SX^^ttJW 

<k14© : S*ffl : Srffl'' N '^^ !J ^^SSOV^^ 0 ^ 5 
(08 (g) ) . ^3t7 7^^V!)=yI«Vi|l 
~©Hfcr±,-H8 (c) ©XSNF^V»±»C3tlR<m4© 

8 (f) ©im#©>tHaitfc*9-is-efT5wifc-?# 

5. tb^S-efcnti. 0 8 (h) lc^i-i5^, «tHE 
3SW«Wfi3J:9«JB»J«soaW««S7*fflv^-C. ttSfc 
f^CtO^k^-frS^i-^^i:* 5 " 1 ?^ 5 ' ^^^fv <S 

®ST*©apj»fl§ 7 rttt*«i&tt#<0* 7 y 

[00 2 2] (*JS^J l o ) #H!£0iJfc i 5*SISp d o©^ 
-a-*ife?:0 1 0 »c^-T 0 ***«tt«3S3t 7 7 4 * 1 «: 
&JR£fcte#77x§!i©73i;v— /V2 0 l£*f ALfcft* 7 

/<4:*3t***T-0»fr*rlT5**^*>*. *£3 0mm 
IC^JKFT Ufc^??3t7 r-T^l tr^a =T»7* A"-* 
2 OJcif ALT?tei'(ktt©«*^5rffl<'^B^ l - fc ^^ 

40 pa»*©«tt*i*r»J*-fa (09 (a) ) . -*wb«>* 

1SM1zm. Vf»±fc»*i-5 (0 9 (b) ) . r©Bt. 
as t it 7 r /<«f *>H©*M" ttft**^ ii mWeM- 
^R^© >f /<t©gg^tt2mmSKi: - t5o C©«^3t77-<^] 



«K1¥9-197196 



(5) 



8 



£Tt>i*LTigW#tre3£3l##f:£f (121 (c). 

(d)) 0 ^\^wtiLtc^mt^m<Dm^mmmmmm 
reiis?a-c 2 outing ufc^tc 6oti 

m&®*B!$.-tZ (0 9 (e) ) . ^-C, *55^«flS 

-ftttcogMfffl 5 £/8^T -> y = VSS 4 © V?«±^@J£ 
(0 9 (f) ) o &g-?fc*Ui, El 9 (g) t-^f 

*»©ttB:t>f *. 

[0 0 2 3] 

[mi] ^H0XlM£J:S%M*te#&*9f El 

[EI2] *J8Wo**«fcJ:53t*»** : f-<0*ll*» 
«iBlc*R»*«oaW«WB54rJ»rilf 5*»*r*f H-C 



*iBt*n»tt<7)aw»jiB5Sr?K/af a*j***f a-e 

[04] #«?l]©3SlMHfc J: 

[El 5] *«PJ<O|ll609^J:5*7 7W^OJ«ffi»c^R 
»ttOiSW»J!B54:»|jtf 5*jft**f B-C*>«. 

[El 6 ] .&3&wv>mmm\' x z>%y ? << /-^^bic^r 

io MVi<Dmwmtt*Bf&-f 3;*8:£*f EIT**5 5„ 

[El 7] ^?^co^0iJlc:j;5*7r-l'-'^i4ffilc^R 
»tt©aw»J!S5Sr^f S^SSr^f E|-C*>S. 
[EI8] #«W<D**«fcJ:«3te«fi^*S*>j*fBI 

[El 9] *^BJ(DHi£0iJtcJ;5*gBft^*fe5r*f 0 

[^(OtftPJ] 

11-7* h U-^h, 12-:^^, 13-mwy<< 
mm. 1 6-3ftM»&tt» 1 7-iKJBJfT*3T«, 18 
2 0- -71^- 



w 



[02] 






(a) 



(b) 



[04] 
121 4 
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[B5] 

m 5 
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[06] 



H 6 
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